To examine the effects of overweight and normal-weight mothers' restriction in child feeding on daughters' eating in the absence of hunger (EAH) and body mass index (BMI) change from age 5 to age 9 y. DESIGN: Longitudinal study of the health and development of young girls. SUBJECTS: A total of 91 overweight and 80 normal-weight mothers and their daughters, assessed when daughters were ages 5, 7, and 9 y. MEASUREMENTS: Measures included maternal restriction of daughters' intake at age 5 y, and daughters' EAH and BMI change from age 5 to 9 y. RESULTS: There were no overall differences in the level of restriction that overweight and normal-weight mothers used. However, overweight mothers' restrictive feeding practices when daughters were age 5 y predicted daughters' EAH over time, and higher EAH scores were associated with greater BMI change from age 5 to 9 y. These relationships did not hold for daughters of normal-weight mothers. CONCLUSION: More adverse effects of restriction on daughters' EAH, and links between EAH and BMI change were only noted among daughters of overweight mothers. These findings highlight the need for a better understanding of factors that contribute to within-group variation in eating behavior and weight status.
Introduction
Familial resemblance in weight is well established, and results from an interplay of genetic and environmental factors. [1] [2] [3] [4] Maternal weight status is one of the strongest predictors of childhood, [5] [6] [7] and adult adiposity. [8] [9] [10] Over half of the US population is currently overweight, 11 and overweight parents are likely to have overweight children, 2, 4, 12 making further increasing secular trends in childhood overweight probable. 13 Although a certain degree of weight gain is a result of genetic predispositions expressed in a particular environment, overweight in children with overweight mothers may result in part from lifestyle factors that differ from those experienced by children in normal-weight families.
Families can be characterized as obesigenic based on obesity-promoting dietary and activity patterns, and parental weight status may moderate children's responses to the environmental contexts of eating. 14, 15 Children with a genetic predisposition for overweight may have additional risk factors for overweight, including a heightened responsiveness to food cues, or eating in the absence of hunger (EAH). [16] [17] [18] EAH in the presence of palatable foods is a relatively stable characteristic in children, and shares behavioral characteristics with disinhibited eating. 19 Fisher and Birch 19 followed 192, 5-y-old girls over a period of 2 y to examine whether EAH tracked over time, increased the risk of girls being overweight at age 7 y, and was associated with parents' restrictive feeding practices. Results confirm that parents' use of restriction in child feeding when girls were 5 y old predicted girls' EAH at age 7 y; this problematic eating behavior was stable over a 2-y period and increased girls' likelihood of being overweight at age 7 y. While previous cross-sectional studies provide evidence for adverse shortterm effects of restriction on child eating, recent studies from our laboratory provide evidence for the possible long-term effects of restriction on girls' eating behavior and weight status. 16, 19 This is the first study to examine the modulating influence of maternal weight status on maternal restriction in predicting daughters' EAH and girls' weight trajectory over time.
The effects of maternal overweight on children's eating environments are not yet well understood, but one possibility is that maternal overweight may moderate the effects of other aspects of the feeding environment, such as the effects of child-feeding practices. For example, it is possible that restriction in child feeding may produce different outcomes for children of overweight mothers, who may be predisposed to excessive weight gain as a result of the genetic and environmental influence conferred by maternal overweight, in comparison to children of normal-weight mothers.
Relationships among maternal restriction of daughters' intake, and daughters' EAH and change in body mass index (BMI) were examined using longitudinal data to test the model presented in Figure 1 . Other versions of this model have been tested in previous studies 16, 19, 20 using either crosssectional data or short-term longitudinal data. The aims of the present study were to corroborate and extend previous work by (a) investigating the long-term influence of maternal restriction of daughters' intake at age 5 y on daughters' EAH across ages 5-9 y, (b) examining the influence of daughters' EAH on BMI change from age 5 to 9 y, and (c) assessing maternal weight status as a moderator of these relationships.
Research method and procedures
Participants Participants were part of a longitudinal study of the health and development of young girls living in central Pennsylvania. At entry into the study, participants included 197, nonHispanic, Caucasian 5-y-old girls (5.470.3) and their parents, of whom 192 families were reassessed 2 y later when girls were 7 y old (7.370.3) . A third assessment with 183 families was carried out 2 y later, 4 years after the initial assessment, when girls were 9 y old (9.3470.3). Only data collected from mothers and daughters were used in this study. Eligibility criteria for daughters' participation at the time of recruitment included living with both biological parents, the absence of severe food allergies or chronic medical problems affecting food intake, and the absence of dietary restrictions involving animal products; families were not recruited based on weight status or concern about weight. On average, mothers were in their mid-30s at the time of recruitment (35.474.8 y). Of the 183 families who returned for reassessment when girls were 9 y old, 171 families had complete data for analyses. The main reasons for excluding dyads from analyses were if daughters experienced problems that would affect their food intake during the free access procedure (see description of this procedure in the following section). Examples of such problems include low caloric intakes prior to the free access procedure (breakfast, lunch, and snack intake o400 kcal at age 5 and 7 y; intake o535 kcal at age 9 y), demonstrating an inability to be left alone during the procedure, allergies to snack foods used in the procedure, or reported nausea. The Pennsylvania State University Institutional Review Board approved all study procedures, and parents provided consent for their family's participation before the study began.
Girls' measures
Girls' weight status. Girls' height and weight measurements were obtained in order to calculate BMI scores. Height and weight were measured by a trained staff member following the procedures described by Lohman et al. 21 Children were dressed in light clothing and measured without shoes. Height was measured in triplicate to the nearest 10th of a cm using a Shorr Productions stadiometer (Irwin Shorr, Olney, MD, USA). Weight was measured in triplicate to the nearest 10th of a kg using a Seca Electronic Scale (Seca Corp., Burmingham, UK). BMI (weight (kg)/height (m)
2 ) scores were generated based on height and weight measurements. Age-and sex-specific BMI z-scores were calculated using the Centers for Disease Control and Prevention Growth Chart data. 22 BMI change from age 5 to 9 y was calculated as the difference between daughters' BMI score at age 9 y and BMI at age 5 y; negative scores indicate a decrease in BMI from age 5 to 9 y, and positive scores indicate an increase in BMI from age 5 to 9 y. Absolute BMI change has been suggested as the index of choice for estimating body fatness in children, particularly when the age range of the sample is narrow.
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Free access procedure: eating in the absence of hunger. This procedure measured girls' responsiveness to the presence of palatable foods in the absence of hunger. Following a selfselected standard lunch, each girl was interviewed individually in a quiet room. Girls first indicated the extent to which they were hungry using three cartoon figures depicting an empty stomach, half empty stomach, and full stomach. To minimize the influence of hunger on the assessment of snack food intake, cases where girls who had low caloric intakes prior to the snack session and who indicated they had an empty stomach after lunch were not included in these analyses. Next, a rank-order food preference assessment was performed to ensure that each girl had an opportunity to taste each snack food. In this procedure, the child takes small tastes of foods and places them in front of cartoon-faces proposes that maternal restriction influences daughters' eating in the absence of hunger, which is linked with higher weight status or greater increases m weight. While some studies have examined contemporaneous relations between maternal restriction and girls' EAH and weight status, longitudinal studies have examined how these factors influence children's risk for later problems with energy balance.
Daughters' eating and weight LA Francis and LL Birch depicting 'yummy', 'yucky', and 'just okay'. Following the preference assessment, the girl was shown various toys that were available for a play session. Generous portions of 10 sweet or savory snack foods, varying in fat content, were presented during the procedure: popcorn (6 g), potato chips (58 g), pretzels (39 g), nuts (44 g), fig bars (51 g), chocolate chip cookies (66 g), fruit-chew candy (66 g), chocolate bars (66 g), ice cream (168 g), and frozen yogurt (168 g). The girl was told that she could play with the toys or eat any of the foods while the experimenter did some work in the adjacent room. The experimenter then left the room for 10 min. Manufacturers' information was used to convert gram weight consumption of each food into energy intake. Energy intake during the free access procedure was calculated by summing the total energy content of all of the snack foods consumed during this period, and this provided a measure of EAH. High energy intake during the free access session characterizes children who may have a compromised ability to regulate energy intake, evidenced by their consumption of relatively large quantities of food in the absence of hunger. Daughters' average intake across ages 5, 7, and 9 y was calculated and used in all analyses.
Maternal measures
Maternal restrictive child-feeding style. Maternal restriction in child feeding was measured using the Restriction subscale from the Child Feeding Questionnaire (CFQ) developed by Birch et al. 24 This scale contains eight items that assess the extent to which mothers restrict their child's access to foods (eg 'I intentionally keep some foods out of my child's reach'). All items were measured using a 5-point Likert-type scale, with each point on the scale represented by a word anchor.
Internal consistency scores for items on this scale were 0.78, 0.85, and 0.84 when daughters were age 5, 7, and 9 y, respectively.
Maternal weight status. Mothers' height and weight measurements were used to determine BMI scores using procedures described above for calculating BMI in girls.
Statistical analyses
All variables were either normally distributed or were transformed to improve normality and reduce skewness. Logarithmic transformations were performed on mothers' BMI variable. Spearman correlations were used to identify covariates, and to examine relations among predictor and outcome variables using the SAS version 8.2 software package (SAS Institute Inc., Cary, NC, USA). Because we were specifically interested in examining differences between overweight and normal-weight mothers, we used the widely accepted cutoff for defining overweight (BMIZ25 kg/m 2 ) 25 to divide the sample into two groups; overweight (N ¼ 91) and normal-weight (N ¼ 80) mothers. Path analysis was used to assess associations for overweight and normal weight mothers in a model assessing the indirect effect of maternal restriction when daughters were age 5 y on daughters' BMI change from age 5 to 9 y through effects on daughters' EAH over time. Models were examined using the AMOS version 5 software package (Smallwaters Corp., Chicago, IL, USA). Several widely accepted fit indices were used to assess the extent to which our hypothesized model provided an acceptable fit to the data: chi-square (w 2 ) values, the comparative fit index (CFI), the Tucker-Lewis index (TLI), and the root mean square error of approximation (RMSEA). 26 In addition to these indices, w 2 difference tests were used to examine the moderating effect of maternal BMI, by examining whether path coefficients were significantly different between overweight and normal-weight mothers. Baron 
Results
Maternal and child characteristics: differences between overweight and normal-weight mothers Mean values for maternal variables are listed in Table 1 . Overweight mothers had significantly higher BMI scores at study entry than normal-weight mothers (F ¼ 160.1, Po0.001). Both normal-weight and overweight mothers reported similar levels of education, averaging approximately 14 y. Equal numbers of families in the overall sample (both normal-weight and overweight mothers combined) reported incomes in the following ranges at study entry: There were no significant differences in age at study entry or the level of restriction used between overweight and normal-weight mothers at any point in time. Differences in daughters' EAH and BMI across normalweight and overweight mothers are shown in Table 2 . Daughters of normal-weight mothers had significantly higher EAH energy intakes at age 5 y (F ¼ 6.9, Po0.01), while there were no differences in EAH scores at ages 7 and 9 y. Figure 2 reveals that daughters of overweight mothers showed greater increases in EAH energy intake from age 5 to 9 y (132.37168.3 vs 65.97136.6; F ¼ 7.9, Po0.01). Daughters of overweight mothers did not have significantly higher BMI scores at age 5 y, but had significantly higher BMI scores at age 7 y (F ¼ 5.5, Po0.05) and age 9 y (F ¼ 11.6, Po0.001). As shown in Figure 3 , daughters of overweight mothers showed a greater increase in BMI from age 5 to 9 y, compared to daughters of normal-weight mothers (3.372.5 vs 2.071.9; F ¼ 14.2, Po0.001).
Associations among maternal restriction, daughters' EAH, and daughters' BMI Mothers' restriction of daughters' intake at age 5 y was related to daughters' BMI z-score at age 5 y, but only in normal-weight (Po0.05) mothers (see Table 3 ). Daughters' BMI z-score at age 5 y was related to EAH over time, but only in daughters of overweight mothers (Po0.05). Given these findings, as well as previous findings reporting associations between daughters' weight status, maternal restriction, and daughters' EAH, 16, 19, 20 girls' BMI z-score at age 5 y was included as a covariate in order to account for its influence on variables in the path model.
The modulating effect of maternal BMI
Results of the path analysis are shown in Figure 4 ; models were adjusted for daughters' BMI z-score at age 5 y and family income at study entry. After stratifying the model by maternal BMI at study entry, the saturated model provided an excellent fit to the data (w 2 [4] ¼ 0.2, P ¼ 0.99; TLI41.0; The corresponding BMI percentiles based on the CDC 2000 growth charts are 65.7 and 56.9 at age 5 y, 66.6 and 54.7 at age 7 y, and 73.8 and 57.9 at age 9 y for daughters of overweight and normal-weight mothers, respectively. EAH: eating in the absence of hunger. *Means are significantly different between groups at Po0.05. 
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Normal Weight
Overweight Figure 3 Daughters' BMI change from age 5 to 9 y. Daughters of overweight mothers were not significantly heavier at age 5 y, but were significantly heavier at age 9 y, and showed a significantly greater increase in BMI from age 5 to 9 y compared to daughters of normal-weight mothers (3.372.5 vs 2.071.9; F ¼ 14.2, Po0.001). Daughters' eating and weight LA Francis and LL Birch CFI41.0; RMSEA ¼ 0.00). Both regression coefficients were significant for overweight mothers; neither was significant for normal-weight mothers. Overweight mothers' use of restriction when daughters were age 5 y was associated with higher EAH intakes in daughters across ages 5-9 y. The results of the w 2 test revealed that the association between maternal restriction and daughters' EAH over time was significantly different between overweight and normal-weight mothers (w 2 diff ¼ 8.45, Pr0.01). In daughters of overweight mothers, higher EAH intakes over time were associated with greater BMI change from age 5 to 9 y. The association between girls' EAH and BMI change from age 5 to 9 y also significantly differed between groups (w 2 diff ¼ 5.88, Pr0.05). The final model R 2 for EAH was 0.26 for daughters of overweight mothers, and 0.12 for daughters of normal-weight mothers. The final R 2 for BMI change was 0.28 for daughters of overweight mothers and 0.14 for daughters of normalweight mothers.
Discussion
The results of this study revealed that maternal restriction of daughters' intake at age 5 y was linked to daughters' EAH across ages 5-9 y, and daughters' EAH over time was associated with greater increases in BMI from age 5 to 9 y. These relationships were only significant for overweight mothers and their daughters, suggesting that for daughters of overweight mothers, restriction in child feeding may increase daughters' risk for overweight by promoting daughters' overeating in response to the presence of palatable foods. Previous studies from our laboratory have investigated relationships among parental restriction, children's EAH, and contemporaneous weight status, 20, 28 and risk for later problematic eating behavior and overweight in young girls. 16, 19 These studies have provided evidence for the adverse effects of maternal restriction on children's short-term problematic eating behaviors, and the stability of these eating behaviors over time, at least among middle-class Caucasian girls and their mothers. Further, they suggest that early maternal restriction may place children at risk for developing overweight, via effects on their overeating in response to external cues, such as the presence of palatable food. This study extends previous findings, revealing that relationships among maternal restriction, girls' EAH, and increase in BMI from age 5 to 9 y may differ depending on maternal weight status, which is one of the strongest predictors of children's risk for overweight. Children's eating behavior and body weight are shaped by an interplay of genetic predispositions and environmental experiences. [29] [30] [31] Genetic predispositions determine: (a)
whether there are individual differences in responses to similar environments, known as gene-environment interactions, and (b) whether individuals with certain predispositions choose environments that nurture their dispositions.
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In daughters who have a propensity to be heavierFdue to the genetic and environmental influences of having an overweight motherFelevated weight status may interact, or coact, with daughters' overeating style, leading to excessive weight gain over time. EAH characterizes girls who may overeat in response to external cues, such as the sensory properties of food. These findings emphasize the need to understand factors that are central to the emergence of individual differences in food intake in early childhood. Do overweight and normal-weight mothers create different eating environments for daughters? The results of the present study corroborate those reported by Wardle et al, 33 providing no evidence to support the notion that overweight or obese parents use a different feeding style with their children. Although the mean levels of maternal restriction were not different between overweight and normal-weight mothers, maternal weight status moderated the effects of maternal restriction on daughters' EAH, which was linked to daughters' increase in BMI over a 4-y period. Similar levels of maternal restriction in overweight and normal-weight mothers had different effects on their daughters' eating behavior and weight status. This interaction of weight status with the impact of maternal restriction produced increasingly different behavioral phenotypes from age 5 to 9 y in daughters of overweight and normal-weight mothers. While we provide evidence for a differential association between maternal restriction of daughters' eating behavior and weight status depending on maternal weight status, our results do not signify causality. It is possible that children in overweight families who demonstrate greater weight increases may eat more in the absence of hunger, which may elicit a response from parents to restrict their food intake in order to stem the development of overweight.
We know that parents contribute both genetic and environmental influences that may foster the development of overweight and behaviors that promote overweight in children. 24, 34 Figure 4 Indirect relation between maternal restriction of daughters' intake at age 5 y and daughters' BMI change from age 5 to 9 y, through daughters' EAH overtime, adjusted for daughters' BMI z-score at age 5 y and family income at study entry. Girls' BMI z-score at age 5 y and family income were allowed to covary with maternal restriction at age 5 y. Average scores across daughters' ages 5, 7, and 9 y were calculated for daughters' EAH. Estimates above the arrows (in bold type face) are for overweight mothers; estimates below the arrows are for normal-weight mothers. Significant relations (Po0.05) are denoted with an asterisk (*). Overweight mothers' restriction of daughters' intake at age 5 y predicted daughters' EAH scores over time, which in turn was associated with greater BMI change from age 5 to 9 y, these relations were not significant in normal-weight mothers. The final model R 2 for daughters' EAH was 0 26 for overweight mothers and 0.12 for normal-weight mothers. The final model R 2 for daughters' BMI change was 0.28 for overweight mothers and 0.14 for normal-weight mothers.
gain in nonobese prepubertal girls with a predisposition to obesity through overweight parents. The authors found that compared to girls with two lean parents, girls with two obese parents showed significantly greater increases in fat mass over a 2-y period. Increases in fat mass and body fat percentage were predicted by energy expenditure and low levels of physical fitness. This study by Treuth et al 35 suggests
that fat gain in daughters with a predisposition to obesity, through overweight parents, may be mediated in part by physiological factors that influence fat gain. The results of the present study, however, suggest that fat gain in daughters of overweight mothers may be partly explained by behavioral risk factors for obesity. Overweight parents can provide obesigenic environments for children; families where parents are overweight have lower levels of physical activity, and unhealthy dietary intakes 15, [36] [37] [38] relative to normal-weight parents. Using data from the sample used in the present study, Davison and Birch 15 found that daughters in obesigenic families, characterized by relatively low levels of physical activity and relatively high energy intakes, gained more weight during middle childhood compared to daughters of nonobesigenic families. In another study from the same sample, in daughters with one or two overweight parents, television viewing was associated with more frequent snacking, and daughters' fat intake from energy-dense snacks was associated with greater weight gain from age 5 to age 9 y. 37 Taken together, the results of these studies, in combination with the present findings, reveal that there are several aspects of the family environment, including parents' own eating and activity patterns, and child-feeding practices, which shape the development of children's eating behavior and weight status. These parental behaviors are a result of the coaction of genes and environment, shaping children's environments, and in tandem with children's predispositions, parental behaviors shape children's phenotypes for eating behavior, activity, and weight status. Genetic and environmental influences on eating behavior, food choice, and body weight are well founded. 1, [39] [40] [41] [42] [43] [44] The literature describing characteristic differences in children of overweight and nonoverweight parents is scant, and this literature is limited to descriptions of risk for overweight and obesity, 2, 45, 46 and differences in energy expenditure and metabolic rate. [47] [48] [49] [50] Of the few studies outlining environmental and behavioral characteristics of families that place children at risk for developing problems with energy balance, Wardle et al 38 found that children living with overweight or obese parents had higher preferences for fatty foods, lower preferences for vegetables, and exhibited aspects of a disinhibited eating style. Thus, parental overweight may provide both predispositions and the context for obesigenic eating behaviors and activity patterns in children. These findings emphasize the need for a better understanding of factors that influence eating behavior and weight status within high-risk groups, such as families with overweight parents.
The demographics of our sample limit our ability to generalize our findings to other socioeconomic, ethnic, and racial groups, and to boys. This is particularly problematic given the prevalence of obesity among black and Hispanic children, compared to non-Hispanic Caucasian children. 13 While a majority of studies examining relationships among parental child-feeding practices and child eating and weight were conducted primarily with Caucasian, middle-class samples, recent focus group findings suggest that this group is more likely to use feeding practices in response to concerns about child overweight, rather than underweight, which appears to be more common in low-income black and Hispanic mothers. 51 It would be advantageous to examine these relationships among more diverse populations. The results of this study revealed that similar levels of restriction of daughters' intake used by overweight and normal-weight mothers were linked to different outcomes in daughters who have different predispositions to overweight, as indexed by maternal weight status. In daughters with overweight mothers, maternal restriction of daughters' intake at age 5 y was linked to daughters' average EAH intake across ages 5-9 y, which in turn was associated with greater BMI change from age 5 to 9 y. This is problematic, as EAH and overweight appear to be enduring traits for some children. Because there is evidence for the intergenerational transmission of problematic eating styles, particularly from mothers to daughters, [52] [53] [54] mothers should be advised to model healthy eating and physical activity behaviors for children, such that early problems are not sustained through adolescence and adulthood. Our findings suggest that one approach to identifying girls as targets for preventive intervention is to focus on daughters of overweight mothers.
Interventions that promote lifestyle changes in both physical activity and eating behaviors should be explored, and should focus on modifying family environments.
